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Spin-selective radical-ion-pair reactions are at the core 
of spin chemistry Jones & Hore recently introduced 
a master equation, which the authors claim to follow 
from quantum measurement theory considerations [2| 
and which is supposed to describe the evolution of the 
spin density matrix of radical-ion pairs. We are going to 
show that the basic assumptions of the Jones-Hore the- 
ory lead to ambiguous conclusions and hence the theory 
lacks self-consistency. To that end we consider for sim- 
plicity a radical-ion pair having just one recombination 
channel and no magnetic interactions, i.e. we set fcy = 
and T~L = 0, where % the magnetic interactions Hamil- 
tonian. In this case the Jones-Hore master equation [2] 
reads 
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This master equation was derived @ according to the 
following philosophy. Assume the density matrix of a 
radical- ion pair is initially po and at time t it is p t . 
There are three different scenarios for what could happen 
within the following time interval dt: (i) with probability 
Po = 1 - k s dt nothing happens, keeping p t+dt = p t , (ii) 
with probability ps — ksdtTr{pQs} a singlet recombina- 
tion takes place, hence pt+at — 0, and (hi) with probabil- 
ity Pt = ksdtTv{pQ^} a triplet projection takes place, 
making p t+dt = p T = QtPiQt /Tr{Q T /9 t QT}- Clearly, 
Po + Ps + Pt = 1 and setting p t+dt = p p t + p s + p T pr 
leads to the master equation ([TJ. In other words, the 
Jones-Hore theory rests on the assumption, built into the 
theory by hand, that (in this example) the state of un- 
recombined radical-ion pairs acquires with time an ever 
more triplet character (as exemplified in the following). 

We will ask the question, what is the time evolution of 
the density matrix, call it p nl , describing unrecombined 
radical- ion pairs? As opposed to ([T]), which is a trace- 
decaying master equation, the equation for dp nT /dt must 
be trace-preserving. It turns out that there are two ways 
to arrive at such an equation for dp nr /dt, leading to two 
different results. One obvious way is to normalize p of (fT]) 
with Tr{p}, i.e. we define the density matrix p nr of un- 
recombined radical- ion pairs as p nT = p/Tr{p}. Making 
use of (JTJ) , it easily follows that 
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Clearly © is trace-preserving, i.e. Tr{p nr } = 1 for all 
times. 

There is yet another way to derive dp m /dt. From 
the previous arguments, it is clear that a radical-ion 



pair having not recombined up to time t has either re- 
mained at the state po or has been projected to the state 
Pt = QtPoQt/^{QtPqQ,t} at some random time be- 
fore t. Let wo and wt denote the corresponding proba- 
bilities. Clearly, wq = (1 — ksdt) n , where n = t/dt, hence 
wo = e~ kst and wt = 1— e s *. From p nl — wqPq+wtPt 
it then follows 
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Again, ([3]) is clearly trace-preserving. But then, what is 
the density matrix evolution of unrecombined radical-ion 
pairs, equation ([2]) or equation ([3]) ? Clearly, both reach 
the same final state, but with a different rate constant, 
since at t = 0, p = p nr = po which in general can differ 
from the triplet state, hence fcsTr{QxPnrQT}t=o < ks. 

This ambiguity arises for the following reason: as ex- 
plained in Q , the Jones-Hore interpretation of the quan- 
tum measurement going on in radical-ion pairs makes the 
following two associations: (a) "measurement result of 
Qs is 0=projection to pt" and (b) "measurement result 
of Qs is l=singlet recombination". The former associ- 
ation is correct, but the latter is not. The truth of the 
matter is that the unrecombined molecules at time t are 
comprised of (i) those that have remained in the state po, 
(ii) those that have been projected to pr and (hi) those 
that have been projected to ps = QsPoQs/^{QsPoQs} 
at some time t' prior to t but until t have not recombined. 
However, possibility (hi) is missing from the Jones-Hore 
theory applied to this example. 

We elaborate a bit further. No matter what the final 
theory will be, it is clear that the change dp that up- 
dates pt into pt+dt can be written as dp — —dp T + dp n r, 
where the first term is the change in p t due to recom- 
bined radical pairs, and the second (traceless term) the 
state change of the ones that did not recombinc within 
dt. Accordingly, Tr{p} will change like Tr{p t+ dt} = 
Tr{pt} — Tr{dp r }. Suppose that between t — and t = dt 
a fraction x (proportional to dt) of radical pairs initially 
in the state po recombine. Then pdt = Pa — xpo + dp nl 
and Tr{pdt} = 1 — x, thus to first order in dt it follows 
that 



,/ Pt \ _ Pa - xp + dp n 
VTr|flJ/ t =o 



1-x 



- po w dp nr (4) 



So indeed, at least for early times, p/Tr{p} accounts for 
the state of unrecombined molecules. Thus the rate of 
change dp nr /dt calculated from ([2J must coincide with 
the one calculated from ([3|). This is not the case with 
the Jones-Hore theory. 
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